Chlortetracycline (CTC) is known to fluoresce when interacting with Ca2+ in hydrophobic environments such as membranes. CTC fluorescence in potato tubers was rapidly reduced by hyphal wall component-elicitor (HWC-elicitor) from Phytophthora infestans in a dose-dependent manner, suggesting that Ca2+ in the plasma membrane was released by the elicitor. Pre-treatments of the tuber slices with verapamil and EGTA, a Ca2+ channel blocker and an extracellular Ca2+ chelator, respectively, suppressed the reduction of CTC fluorescence induced by the HWC-elicitor. The reduced fluorescence was preceded by an oxidative burst observed in the tuber tissues loaded with luminol after stimulation with HWC-elicitor. Application with HWC-elicitor also immediately reduced fluorescence of the CTC-loaded, Ca2+-bound plasma membrane fraction in vitro. Moreover, RNA gel blot analysis showed that verapamil and EGTA dramatically suppressed the accumulation of transcript for phenylalanine ammonia-lyase induced by the elicitor. These results demonstrate that extracellular Ca2+ is rapidly released from the plasma membrane by the treatment with HWC-elicitor and plays a key role in signal transduction leading to the oxidative burst and the activation of a defense gene.
INTRODUCTION
from the complex of CTC and Ca2+ in the membrane. To determine optimum conditions for CTC loading, various concentrations of the CTC solutions were applied on the potato tuber discs, and the fluorescence was continuously monitored. The fluorescence increased at almost the same rate with different concentrations, but the respective maximum levels corresponded to concentrations applied below 2mM CTC (Fig. 1) . At the maximum fluorescence in discs treated with 1mM CTC, an additional application of 1mM CTC further increased the fluorescence to a maximum equivalent to that of 2mM CTC (Fig. 1) . We used a 1mM CTC solution in the following experiments because the concentration does not saturate the fluorescence intensity.
Effects of HWC-elicitor, EGTA and verapamil on CTC derived fluorescence HWC-elicitor treatment reduced the CTC fluorescence level within 2 to 3min of its application in a dosedependent manner until at least 18min after elicitation (Fig. 2) . The buffer treatment as a control retained its CTC fluorescence almost at the same level during further incubation. In addition to this, EGTA and verapamil, the extracellular Ca2+ chelator and Ca2+ channel blocker, respectively, suppressed the elicitor-stimulated decrease in CTC-derived fluorescence (Fig. 3) .
Luminol-mediated chemiluminescence in elicitortreated tuber discs Luminol-mediated chemiluminescence from elicitortreated surfaces of discs was initiated around 8min after treatment, and chemiluminescence per min gradually increased with further assay time (Fig. 4) . This indicated that the oxidative burst in elicitor-treated tuber was induced several minutes after the elicitorstimulated reduction of CTC fluorescence (Figs. 2 and 3) .
CTC fluorescence in isolated plasma membrane To confirm whether CTC fluorescence is dependent on CaCl2 and CTC, we examined the relationship between CTC-fluorescence intensity and dosage of CaCl2 or CTC in Ca2+ free plasma membrane-rich fraction. To determine whether EGTA and verapamil suppress the accumulation of phenylalanine ammonia-lyase (PAL) mRNA induced by HWC-elicitor, we isolated the total RNA from aged potato discs treated with the elicitor or elicitor plus inhibitors. Changes in levels of the transcripts with time were estimated by RNA blot hybridization with 32P-labeled PAL cDNA as a probe (Fig. 7) . After preparation of tuber discs, the transcript of PAL that is responsible for phenylpropanoid metabolism accumulated14,16). The treatment with the elicitor gave an increase in the transcript level of PAL. In contrast, the level of accumulation was dramatically suppressed by both inhibitors, indicating that extracellular Ca2+ plays an important role in the activation of the PAL gene. derivative, is an effective inhibitor of Ca2+ channels in a variety of membranes when applied to the intracellular surface of the channel, where it binds to the transmembrane pore5). Our pharmacological results suggest that the release of Ca2+ into cytoplasm from extracellular stores is involved in defense responses. However, we cannot rule out the possibility that intracellular stores also participate in the defense.
One objective of the study was to measure the timing of Ca2+ movement in relation to the elicitor-stimulated oxidative burst. In the present experiments, HWCelicitor-stimulated reduction of CTC-fluorescence occurred much earlier than the oxidative burst. Therefore, HWC-elicitor may primarily cause the rapid release of Ca2+ into the cytoplasm of plant cells through the plasma membrane to activate the O2--generating reaction. In plants, two kinds of enzymes are believed to contribute to O2--generation in response to pathogenderived elicitors; i.e. NADPH oxidase in the plasma membrane11, 17, 32) and peroxidase in the cell wall18).
Recently, a gene for the gp9lphox homolog that encodes a subunit of the neutrophil respiratory burst NADPH oxidase was cloned in rice13) and Arabidopsis17,32). An immunological study showed that calmodulin antagonists and EGTA inhibit elicitorinduced NADPH oxidase activity and the translocation of the cytosolic components of the oxidase such as p47phox and p67phox in tomato cells34). Moreover, because treatment with EGTA, verapamil and diphenylene iodonium (an inhibitor of NADPH oxidase) inhibit the oxidative burst22, 24) , NADPH oxidase appears to be important in the oxidative burst in potato tubers.
Eighty percent of isolated plasma membrane vesicles were assumed to be sealed in the right-side-out state11). Ca2+ added to a suspension of the Ca2+-free plasma membrane fraction may bind to the outside of the membrane vesicles. The HWC-elicitor-stimulated reduction of the CTC fluorescence may be a consequence of membrane perturbation in association with Ca2+ movement preceding the oxidative burst induced by the elicitor. However, we cannot address the regulatory mechanism of how the HWC-elicitor releases Ca2+ from the binding site of plasma membrane vesicles. Further experiments are needed to elucidate not only the relationship between the receptors for the fungal signals and release of Ca2+ from the membrane, but also the mechanism for activation of O2--generating reaction associated with Ca2+. Furthermore, work is under way to evaluate the role of active oxygen species in signal transduction leading to activation of the defense genes.
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